In this report "sea level" refers to the National Geodetic Vertical Datum of 1929~a geodetic datum derived from a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level Datum of 1929.
Abbreviated water-quality units used in this report:
mg/L, milligram per liter mL, milliliter
INTRODUCTION
The Federal Aviation Administration (FAA) owns and (or) operates airport, support, and navigational facilities throughout Alaska. At many of these sites, fuels and potentially hazardous materials such as solvents, polychlorinated biphenyls, and pesticides may have been used and (or) disposed of. To determine if environmentally hazardous materials have been spilled or disposed of at the sites, the FAA is conducting environmental studies mandated under the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA or "Superfund Act") and the Resource Conservation and Recovery Act (RCRA). To complete these environmental studies, the FAA requires information on the hydrology and geology of areas surrounding the sites. This report, the product of compilation, review, and summary of existing hydrologic and geologic data by the U.S. Geological Survey, in cooperation with the FAA, provides such information for the FAA facility and nearby areas at McGrath, Alaska. Also presented in this report is a description of the history, socioeconomics, and physical setting of the McGrath area
BACKGROUND Location
McGrath is located in southwestern interior Alaska ( fig. 1 ) at latitude 62° 57' 30" N., longitude 155° 35' 55" W., approximately 350 km northwest of Anchorage and approximately 450 km southwest of Fairbanks. The village is located on the flood plain of the Kuskokwim River between the Tanana-Kuskokwim Lowlands to the south and east and the Kuskokwim Mountains to the north and west (Wahrhaftig, 1965) . The present location of McGrath is on the south bank of the Kuskokwim River; however, the original townsite was across the Kuskokwim River near the mouth of the Takotna River. The original townsite was selected by early settlers because they needed water courses for transportation, but it was abandoned because of excessive flooding and bank erosion on the Takotna River near its mouth (Oswalt, 1980) . The current location of the village is expected to be inundated with flood waters every 5 to 20 years (U.S. Army Corps of Engineers, 1977) .
History
Oswalt (1980) Native residents of McGrath are shareholders in Chamai Inc., the Native village corporation for McGrath. In 1976, Chamai Inc. merged with MTNT Ltd., an association of the area Native village corporations for the villages of McGrath, Telida, Nikolai, and Takotna. By virtue of this merger, MTNT Ltd. is entitled to receive approximately 300,000 acres of land in accordance with the Alaska Native Claims Settlement Act (Alaska Department of Regional and Community Affairs, 1984) . The FAA owns or operates numerous facilities in McGrath (fig. 2 ). These include living quarters, fuel storage, and a maintenance shop. A flight service station and remote communication air/ground (RCAG) facility are near the north end of the main runway. A very high frequency omnidirectional range tactical air navigational (VORTAC) site, a localizer facility, and a very high frequency (VHP) facility are along the west side of the main runway, and a non-directional beacon (NDB, fig. 1 ) is about 2.6 km east of the runways. A complete listing of FAA facilities in McGrath along with details of historical activities at these sites and suspected sources of contamination can be found in a report by Ecology and Environment (1992) .
Socioeconomics
McGrath is a regional service and transportation center for area communities. McGrath's Native population is represented by a five-member traditional council that administers and reviews all Native health care and public services (Alaska Department of Regional and Community Affairs, 1984) . The governmental functions of the village of McGrath are administered by an elected mayor and a seven-member village council.
McGrath has approximately 200 single-family homes, a school, a Regional Rural Education Center of the University of Alaska, a library, a post office, AM radio station, 3 stores, 2 churches, a roadhouse, a few taverns, and an airport (Alaska Department of Regional and Community Affairs, 1984) . The airport, which consists of a 1.7-km-long (north-south) and a 0.5-km-long (east-west) asphalt runway, is located along the northwestern edge of the village ( fig. 2 ) and serves as the main transportation link to most other communities.
No road connects McGrath to the rest of Alaska and the only year-round access is provided by the airport. The Kuskokwim River serves as a transportation corridor for boats and barges during open water and for snowmobiles and dogsleds during the winter. Electricity is provided by the privately owned McGrath Light and Power Company, which operates diesel-powered generators and a villagewide power distribution system (Alaska Department of Regional and Community Affairs, 1984) . A public water-supply system serves most of McGrath; however, the central sewage collection system serves only the downtown area and residents in outlying areas dispose of their waste water and sewage in 5-gallon buckets that are hauled to the landfill (Leroy Reed, Alaska Department of Environmental Conservation, oral commun., 1993).
The economy of McGrath generally is based on government and service industry employment (Alaska Department of Community and Regional Affairs, 1984) . Most residents supplement their income with limited subsistence activities, such as hunting, fishing, and trapping. The main source of subsistence food is fish that migrate up the Kuskokwim River. All five pacific salmon (chinook, coho, sockeye, chum, and pink) are routinely harvested from the river (Francisco and others, 1992) . Sheefish, whitefish, char, rainbow trout, burbot, Arctic grayling, northern pike, blackfish, and longnose sucker are also caught for food from the Kuskokwim River and its tributaries (Francisco and others, 1992) . Other subsistence food sources include waterfowl, black bear, brown bear, caribou, and moose that migrate through the local area or live close by. These natural food sources are supplemented by limited vegetable gardening and gathering of seasonal foods such as wild berries and waterfowl eggs. More than 3 million migratory waterfowl annually use the flyways along the Kuskokwim and Yukon Rivers near McGrath (Alaska Planning Group, 1974) . The climate of McGrath is continental with some maritime conditions in the summer (Hartman and Johnson, 1984) . McGrath has great diurnal and annual temperature variations, low precipitation, low cloudiness, and low humidity. Mean annual temperature is -3.7 °C but temperatures have ranged from a maximum of 32.2 °C in June 1969 to a minimum of about -55 °C in December 1961 (table 1) . Mean annual precipitation is 411 mm; the maximum monthly rainfall occurs in August and has a mean of 72.9 mm. Approximately 2,240 mm of snow falls annually; the maximum monthly snowfall occurs in December and has a mean of 434.3 mm (table 1) .
Vegetation
The McGrath area has a variety of vegetation. Moderately to densely forested areas are along the rivers and sloughs (Hartman and Johnson, 1984) . Wetland vegetation consists of mosses, shrubs, and black spruce in lowland areas west of the Kuskokwim River (Rieger and others, 1979) . Barren hills or alpine tundra occur on the slopes of area hills, such as the Roundabout Mountains southwest of the village and on Apple Mountain to the northeast (Mertie and Harrington, 1924) .
The riparian forested areas consist of white spruce, black spruce, tamarack, white birch, poplar, and cottonwood with a thick undergrowth of willow and alder (Mertie and Harrington, 1924) . Some commercial quality white spruce timber exists on well-drained soils located on higher terraces near Cranberry Ridge, 6.5 km southeast of McGrath (Alaska Department of Community and Regional Affairs, 1984) . Tall grasses and some moss form the ground cover in flood plain and upland areas that have been burned (Mertie and Harrington, 1924) . The alpine tundra areas consist of Labrador tea, lichens, mosses, and sedges (Viereck and Little, 1972) .
Bedrock Geology
McGrath and most of the Kuskokwim River flood plain are underlain by Mesozoic sedimentary and metamorphic bedrock (Mertie and Harrington, 1924; Mertie, 1936; Cady and others, 1955) . The oldest exposed bedrock is part of a 1,980-m thick section of sub-lithic sandstone, shale, and conglomerate of the Kuskokwim Group of Cretaceous age (Cady and others, 1955) . Volcanic--plutonic complexes of upper Cretaceous age intrude and overlie the clastic sedimentary rocks in some locations away from the river, such as at Takotna Mountain to the west and Candle Hills to the southwest (Bundtzen and Laird, 1983) . The local area is underlain by a layer of discontinuous permafrost (Fernald, 1960; Ferrians, 1965; Hartman and Johnson, 1984) . Several well drillers' logs (appendixes 1 and 2) indicate the presence of ice or frozen soils at depths of 1 to 10 m.
Surficial Geology and Soils
McGrath is situated on a long, narrow lowland bordering the Kuskokwim River and the soils in this area are generally associated with the fluvial environment (Rieger and others, 1979) . Five soil series have been mapped in the McGrath area (Schoephorster and Sprouse 1973) . The primary soil type is the Takotna silt loam which is developed on flood plain deposits in well-drained areas that are frequently flooded on the south and east sides of the Kuskokwim River. The Takotna silt loam consists of a thin surface mat of partially decomposed organic matter overlying gray or olive gray stratified very fine sand and silt. Because of the well-drained characteristic of this soil type, it retains little moisture and permafrost is usually deep or absent in these soils. Peat deposits are present in very poorly drained depressions and low-lying areas of the Kuskokwim River flood plain, such as the area on the west side of the Kuskokwim River northwest of McGrath. This soil type, mapped as Lemeta Peat, is usually saturated by water perched over permafrost present at depths of about 0.3 to 0.5 m, and usually indicates the presence of a barrier to ground-water infiltration or movement.
Surficial deposits that underlie McGrath are described in well drillers' logs (appendix 1) as stratified sandy to silty sediments that overlie sand and fine gravels at depths of 0 to 8 m. Fine sand, silt, and clay are present at depths to about 70 m. Soil temperature measurements made near the north end of the main runway indicate a seasonal frost depth of about 2 m and constant soil temperature above freezing at depths below 2 m (Aitken, 1964) .
HYDROLOGY Surface Water
McGrath is situated on the inside of a sharp meander loop of the Kuskokwim River and is nearly encircled by water ( fig. 1) A stream-gaging station was operated on the Kuskokwim River at McGrath by the U.S. Geological Survey from 1963 to 1973. During the 10 years the gage was operated, the mean annual discharge was 378.4 m3/s, the maximum daily discharge was 2,000 m3/s on June 6, 1964, and the maximum gage height reported was 8.08 m on May 18,1972 (U.S. Geological Survey, 1974 . The maximum gage height value was attributed to backwater from ice.
Ground Water
The direction of ground-water flow in the McGrath area is dominated by interactions with the Kuskokwim River. Generally, ground-water flow at McGrath is most likely across the meander loops, ( fig. 3 ), but bank storage effects may reverse the trend locally during rising and falling stages of the river.
The general southward flow of ground water was simulated using the computer model MODFLOW (McDonald and Harbaugh, 1988) as a simple "steady-state relaxation" model. A relaxation model requires only that the elevations or hydraulic heads of the aquifer boundaries are known. In order for the relaxation model to be correct, all recharge and discharge are to and from the river. Thus, areal recharge must be negligible so that a ground-water mound does not develop within the meander loops. For many parts of Interior Alaska, and especially during the 8 months of winter, areal recharge by precipitation is negligible or nonexistent, and relaxation models can be used to predict flow directions adequately. The simulation model assumes that the relaxation criteria are met at McGrath and also assumes that flow is horizontal and the hydrologic characteristics of the aquifer material are homogeneous and isotropic within meander loops.
For the alluvial aquifer underlying McGrath, the aquifer boundary is the Kuskokwim River. The elevations of the river surface, as determined from hydraulic modeling and flood stage longitudinal profiling of the river (U.S. Army Corps of Engineers, 1977) , define the hydraulic heads along the boundary of the aquifer. The simulated ground-water flow direction is driven by a head gradient of about 0.0025 m/m between the Kuskokwim River at the NDB site and the Kuskokwim River in the southeast quarter of section 20 ( fig. 3 ), 1.6 km south. The head difference across this 1.6-km width was estimated by extrapolating longitudinal flood profiles of the Kuskokwim River (U.S. Army Corps of Engineers, 1977) to the area of section 20.
Aquifer tests done by drillers during construction of several wells were inconclusive in defining aquifer properties. One test produced a 7-m drawdown in a well that was pumped at 0.3 L/s for one hour. A second test produced no discernible drawdown in a well pumped at 0.4 L/s (appendix 2). Drillers' logs indicate significant amounts of silt and sand in the alluvium, and permeabilities are expected to be less than in alluvial systems with coarser grained sediments. The depth to bedrock is about 70 m, measured at well SB03303307DDCC 001 at the FAA site (appendix 1). The frequency of floods from runoff of rain and snowmelt for the Kuskokwim River at Crooked Creek was determined from the discharge record through 1990 (table 2) (Jones and Fahl, 1994) . The frequency of floods from runoff of rain and snowmelt for the Kuskokwim River at McGrath was determined from the 1963-73 discharge record (table 2) (Jones and Fahl, 1994) The flood frequency relations shown in table 2 are valid only for floods generated by rainfall and snowmelt runoff, and are not applicable to ice-jam floods, which are the most frequent (almost annual) and largest floods in McGrath (U.S. Army Corps of Engineers, 1977).
Ice-Jam Floods
Ice-jam flooding occurs when river ice broken during spring thawing is transported downstream and is blocked by a constriction, sandbar, or other obstruction such as a sharp meander bend. The blockage prevents ice movement and restricts water flow as the ice jam builds in thickness and length. This subsequently slows the water velocity and produces a rise in water level, or backwater effect, that propagates upstream from the ice jam. When the ice jam releases, a flood wave propagates downstream and large volumes of stored ice move rapidly down the channel or across the flood plain, depending on the location of the ice-jam release.
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Downstream from McGrath, several obstructive features work together to produce frequent ice-jam formations and subsequent backwater floods in the village. These features include a tight meander bend in the Kuskokwim River approximately 6 km downstream from McGrath and a sandbar on the east bank about 0.5 km upstream from this meander bend. An ice jam forms almost annually at one of these features, and during extreme conditions jams may back up ice for several kilometers.
Ice-jam floods may cause several times more damage than ice-free, open-water floods (Beltaos, 1990) . This increased damage potential results from the movement of large ice volumes and the extreme velocities that result when ice jams release water. Records of historical flooding in McGrath indicate that ice jam floods have occurred in 1920, 1921, 1927, 1933, 1964, 1972, 1976, and 1991 . Rainfall flooding has occurred only during the falls of 1922 and 1963 (U.S. Army Corps of Engineers, 1977 and 1993) . Bank erosion along the Kuskokwim River is a more persistent threat to McGrath than flooding (U.S. Army Corps of Engineers, 1993) . Erosion problems that resulted in the relocation of McGrath from its original site have been recognized as a continuing problem for the village in its current location. Darbyshire and Associates (1981) recommended that the village move to a higher site, known as Cranberry Ridge, about 6.5 km to the southeast. The U.S. Army Corps of Engineers (1993) determined a 40-year average erosion rate of about 0.7 m per year for the south bank of the Kuskokwim River about 0.5 km upstream from the gaging station location in McGrath ( fig. 1 ). An erosion rate of about 2 m per year over a 25-year period was estimated, using aerial photographs, for the outside corner of this same tight meander bend upstream from McGrath (F & J Consultants, 1981) .
The Kuskokwim River is an actively meandering river and the process of meander cutoff is ongoing. Darbyshire and Associates (1981) reported that the exaggerated meander bend near McGrath and another one about 6 km downstream will both inevitably breach; however, the rate of meander migration at these locations is difficult to predict. Using the minimum and maximum migration rates determined from aerial photographs, the meander bend at McGrath could cut off any time from 3 to 100 years (Darbyshire and Associates, 1981) . Riverbank stabilization projects have been started in McGrath and funding to raise road and runway elevations adjacent to the Kuskokwim River has been requested by the village (U.S. Army Corps of Engineers, 1993).
DRINKING WATER Present Drinking Water Supplies
With the exception of a few homes in McGrath that have private wells, the drinking water is provided by a public system that withdraws, treats, and distributes surface water from the Kuskokwim River. The intake for the public distribution system is near the center of McGrath at the end of F Street ( fig. 2) Geological Survey, 1974 ). This discharge is more than 250,000 times the water usage in the village of McGrath and more than 30 times the quantity of water used in the entire State of Alaska in 1990 (Solley and others, 1993) .
When the Kuskokwim River rises above flood stage, it causes contaminants on the surface of the land to mobilize and move into the public drinking-water supply or into inadequately sealed private wells. Even when wells are effectively sealed, flood waters may move contaminants such as sewage or petroleum products into previously uncontaminated areas, where the contaminants may infiltrate the aquifer.
Limited information is available on the quality of McGrath's drinking water. However, the quality of the Kuskokwim River was monitored at McGrath during the periods 1949-50 and 1965-73 (appendix 3) . Water quality at the Crooked Creek gaging station has been monitored for more than 35 years (appendix 3). Water-quality data indicate that the Kuskokwim River is acceptable as a drinking-water source if the appropriate treatment is used to eliminate some constituents of concern, such as excessive concentrations of bacteria, sediment, and iron. The number of fecal coliform bacteria in the water, especially during the fall season following salmon spawning, has exceeded the maximum contaminant level goals of zero total coliforms for drinking water. On October 5, 1989, the fecal coliform count was 43 colonies/100 mL of water (U.S. Geological Survey, 1991) . The dissolved iron content has been measured (U.S. Geological Survey, 1992) in concentrations above the 0.30 mg/L secondary maximum contaminant level goals set by the U.S. Environmental Protection Agency (1993) for drinking water. However, the drinking-water treatment processes currently utilized in McGrath are designed to reduce these constituents to recommended levels (Leroy Reed, Alaska Dept. of Environmental Conservation, oral commun. 1993).
Alternative Drinking Water Sources
The alluvial aquifer underlying McGrath may be an alternative water supply capable of meeting the needs of the community. Prior to the development of the public drinking-water supply, individual homes and businesses were served by private wells, but most wells were replaced by a surface-water source because of the high iron content of the ground water (Leroy Reed, Alaska Department of Environmental Conservation, oral commun., 1993). Several well water samples from McGrath (appendixes 1 and 2) confirm the presence of iron in concentrations greater than the 0.30 mg/L secondary maximum contaminant level goals set by the U.S. Environmental Protection Agency (1993) for drinking water. Clay layers identified at depths of about 70 m in well drillers' logs, (appendix 1) may indicate the presence of a deep confined aquifer that contains water meeting the present drinking water regulations. If the present public treatment and distribution systems could be utilized, this alternative supply could be developed, but at a significantly greater cost than the existing supply.
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SUMMARY
The residents of McGrath are dependent on the airport or the river for transportation. Many residents are also dependent on the local environment because they practice a subsistence lifestyle. Frequent ice-jam flooding is hazardous to residents and their property. When the Kuskokwim River, the principal source of drinking water at McGrath, rises above flood stage and inundates the flood plain at the village, contaminants on the surface may become mobilized and subsequently transported into the drinking water supply or directly into inadequately protected wells. Ground water is an alternative drinking water supply that could be developed using the present treatment and distribution system. 
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